Oocyte-granulosa cell heterologous gap junctions are required for the coordination of nuclear and cytoplasmic meiotic competence.
Homologous gap junctions are generally recognized as a means of coordinating cellular behavior under developmental and homeostatic conditions. In the mammalian ovary, heterologous gap junctions between the oocyte and the granulosa cells have been widely implicated in the regulation of meiotic maturation late in oogenesis. However, the role of oocyte-granulosa cell gap junctions at earlier stages of oogenesis is poorly understood. Stage-specific defects in both oocyte and follicle development have been identified in juvenile mice deficient in heterologous oocyte-granulosa cell gap junctions due to targeted deletion of Gja4, the gene encoding connexin-37. Follicle development arrests at the type 4 preantral stage and although oocytes commence growth, oocyte growth ceases at a diameter of 52 microm (74.3% of control size). Analysis of cell cycle and cytoskeletal markers indicates that oocytes arrest in a G(2) state based on uniform decondensed GV chromatin, interphase microtubule arrays, and nonphosphorylated cytoplasmic centrosomes. Functional assays of meiotic competence confirm that oocytes from connexin-37-deficient mice are unable to enter M phase (initiate meiotic maturation) unless treated with the phosphatase inhibitor okadaic acid (OA). Unlike growing oocytes from heterozygous control animals, OA-treated oocytes from connexin-37-deficient mice respond acutely and progress rapidly to the circular bivalent stage of meiosis I and upon removal from OA rapidly revert to an interphase state. In contrast, OA-treated control incompetent oocytes are slow to respond, exhibit a lower proportion of chromosomal bivalent stage oocytes, but remain in and progress into meiotic M phase upon removal from OA. This study demonstrates that heterologous gap-junctional communication is required for the completion of oocyte growth and the acquisition of cytoplasmic meiotic competence.